Trypsin, in common with many other enzymes, possesses the peculiarity that the rate of formation of the products of hydrolysis does not increase in proportion I to the substrate concentration, as is demanded by the law of mass action, but increases more slowly than the substrate concentration and eventually becomes nearly independent of it.' It is necessary to assume, therefore, either that the mass law in its simple form does not hold or that the concentration in grams per liter does not represent the "active" concentration of substrate. A very similar phenomenon is quite common in ordinary catalytic reactions. In this ease it has usually been assumed that the mass law is valid but that the concentration to be used in the calculation is not the total concentration of the substance taken but that of some particular molecular species which is formed from this substance in solution. In the case of acid hydrolysis, for instance, the action is assumed to be equal to the concentration, not of the acid itself, but of the hydrogen ions. In this case the assumption is capable of verification since the concentration of hydrogen ions may be determined by several independent methods which give approximately the same results, all verifying the assumption. If this were not the case, the kinetics of acid hydrolysis would be more difficult to interpret than the kinetics of enzyme reactions. In the ease of enzymes, however, it has usually been assumed, following the t Bayliss, W. IV [., Arch. Sc. Biol., 1904, ~d, suppl., 261. In the case of alkali or acid hydrolysis this is not true. The rate of digestion in the absence of enzyme is proportional to the gelatin concentration. See Northrop, J. H., a r. Gen. Physiol., 1921, iii, 715. 
suggestions of Henri 3 and of Brown* that the law of mass action in its simple form does not hold but that the velocity of the reaction depends upon the decomposition of a compound between the enzyme and substrate. There is a large amount of evidence that a compound is first formed in many chemical reactions and it has even been stated (Kekule) that no reaction can take place without an addition compound first being formed between the reacting substances. It is quite probable that such a compound is formed in the case of enzyme reactions. The question is whether a sufficient amount of the compound is present at any time to make the kinetics of the reaction depend on the concentration of the compound rather than on the concentration of the reacting substances. Henri, 3 and 2¢lichaelis and ]Vienten s have attempted to explain the kinetics of invertase hydrolysis by the assumption that the enzyme and substrate combine, according to the law of mass action, to form a compound which subsequently decomposes, liberating the free enzyme and the products of the reaction, e It is also assumed that the velocity of hydrolysis depends on the concentration of this compound. It was pointed out by the writer, 7 that if the velocity of hydrolysis depended on the amount of compound formed, then the concentration of substrate required to give the maximum velocity of hydrolysis (i.e. to "saturate" the enzyme) should increase with increasing concentrations of enzyme, since it will obviously require more substrate to saturate 100 units of enzyme than it will require to saturate 1 unit. The experiments did not confirm the expectation. It was found that the relative velocity of hydrolysis of different substrate concentrations is always the same, within the experimental error, no matter what enzyme concentration is used (provided the same amount is used with each substrate concentration). It was stated in the article referred to that this was contradictory to the assumption that there was a com-* Henri, V., Compt. rend. Acad., 1902, xxxcv, 916; Z. physik. Chem., 1905 , li, 19. 4 Brown, A. J., J. Chem. Soc., 1902 , lxxxi, 373. 5 Michaelis, L., and Menten, M., Biochem. Z., 1913 e It has been shown by Simons in Nelson's laboratory that the method used by Michaelis to measure the initial velocity gives values which cannot be used over the entire course of the reaction. Northrop, J. H., J. Gen. Physiol., 1919-20, ii, 595. pound formed between the enzyme and substrate, since if this were true a greater amount of substrate would be required to saturate a greater amount of enzyme. The experiment, however, is not conclusive, since if it is assumed, as was done by Michaelis and Menten, that the amount of substrate combined with the enzyme is negligibly small, then the difference in concentration of substrate necessary to saturate different amounts of enzyme would be entirely too small to detect experimentally. As far as the relation between the rate of hydrolysis and the concentration of enzyme or substrate is concerned, therefore, the facts may be accounted for by the assumption of all intermediate compound.
It has been shown in a preceding paper 8 that the inhibiting action of the products of the reaction on the trypsin is in quantitative agreement with the assumption that the enzyme and the inhibiting substance combine to form a compound which is inactive and that the rate of hydrolysis is proportional to the concentration of uncombined trypsin. It has also been shown that the same assumption will account quantitatively for the protective action of the inhibiting substances when the spontaneous inactivation of the enzyme is followed. The fact that the inhibiting substance protects the enzyme from decomposition is strong evidence that the inhibiting substance combines with the enzyme. In the presence of the substrate, however, the enzyme becomes inactivated at the same rate as the "pure" enzym e8 (see Ringer). * These facts render it unlikely that the enzyme is combined with the substrate. The present paper contains the results of experiments planned to determine whether or not the action of the enzyme with different concentrations of substrate and of inhibiting substances can be accounted for on the assumption of a compound between the enzyme and substrate. The observed facts cannot be accounted for on the basis of the formation of a compound between enzyme and substrate, if it be assumed that this compound is governed by the law of mass action.
Experimental Methods.
The rate of hydrolysis was followed by means of the change in conductivity of the solution as already described, s The experiments were all conducted at a pH of 6.0.
Trypsin.--The trypsin was a sample of Fairchild's trypsin and was purified for use by dialysis under pressure.
Cooper's gelatin was used and was rendered ash-free by washing at the isoelectric point as described by Loeb. 1° The inhibiting solution was made by allowing trypsin to completely digest gelatin and then concentrating the solution in vacuo.
Method of Measuring the Rate of Hydrolysis.--In order to obtain a correct measure of the rate of hydrolysis it is necessary to compare the reactions at the same stage. The rate of digestion decreases rapidly with the progress of digestion for two reasons: first, the concentration of substrate is decreasing; second, the concentration of active enzyme is decreasing owing to the inhibiting action of the products of digestion. If the reactions are compared at a point of equal percentage hydrolysis, the change in substrate concentration is corrected for but the change in enzyme concentration will be very different. The small amount of enzyme will be inhibited to a larger extent than the large amount. If the reactions are compared after equal times, both conditions are varied. If, however, the time to cause a very small amount of hydrolysis is taken, the change in substrate concentration may be considered negligible and the effect on the enzyme will be small and nearly the same in both cases. This method, therefore, gives the most significant value.
The result of an experiment with 1 and 5 per cent gelatin and 1 and 10 units of trypsin is shown in Figs. 1, 2, and 3, in which the increase in specific conductivity of the solution has been plotted against the time in hours. Table I gives the time required to cause an equal percentage of the total change in the two gelatin concentrations with the different enzyme concentrations. The table shows that the time required for the hydrolysis to be completed to any given percentage in the two solutions, is not the same (as would be predicted by the monomolecular formula), but is very much greater for the 5 than for 10 Loeb, J, J. Gen. Physiol., 1918-19, i, 237 t I I I~&k~.
• IIl[[llll~ll(lllll [llllFllfllllrllll'~" ........ of gelatin than do 10 units. This result, however, is not due to the "saturation" or combination of the enzyme with the gelatin butto the fact that different stages of the reaction are being compared. That this is actually the case is shown in Table III , in which the time required to cause the same amount of hydrolysis is given. In this case the amount of products formed is the same in both solutions (i.e. the stage of the reaction compared is the same) and, as the table shows, the relative velocity of hydrolysis of the 5 per cent gelatin compared to the 1 per cent gelatin is independent of the amount of trypsin used. The table also shows that this ratio is constant if the first part of the curve is used but later decreases (i.e., the 5 per cent gelatin is hydrolyzed relatively more and more rapidly), as would be expected, since after any appreciable amount of the gelatin is hydro- 
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Time Required for Equal Percentage Hydrolysis of I and 5 Per Cent Gelatin Solutions When Compared with (a) 1 Unit of Trypsin, and (b) 10 Units of Trypsin.
Complete hydrolysis of 1 per cent gelatin ffi increase in conductivity of 0.5 × 10 "s reciprocal ohms. lyzed the two concentrations are no longer as 5:1 but as 5-a:l-a. As soon as a becomes appreciably large compared to 1, the ratio will evidently increase, as a increases. The ratio of the time required to cause a given change will therefore decrease. This method may, therefore, be used to determine the relative rate of digestion of different gelatin concentrations provided the change used as end-point is so small that the gelatin concentration can be assumed to remain constant during the course of the experiment. It has been suggested that the anomalous results obtained by increasing the concentration of substrate are due to the increased viscosity of the solution. That this is not the cause of the retardation in the present experiments is shown in Table IV which gives the results of an experiment performed with the same gelatin solution which had been kept at 25°C. for varying lengths of time. The viscosity increases slowly under these conditions. As the table shows, the gelatin digests at the same rate whether it has a viscosity of 2.5 times that of water or of 11 times that of water. The physical properties of the gelatin solution evidently have little or no effect on the rate at which it digests.
Influence of the Substrate Concentration.
The results of a series of experiments with varying enzyme and gelatin concentrations are given in Table V. The hydrolysis was followed by the change in conductivity and velocity is taken as the reciprocal of the time required to cause an increase of conductivity 
Viscosity and Rate of Digestion.
2 per cent gelatin, pH 6.0, specific conductivity 1 X 10 -~ (adjusted with NaCI) was heated to 50°C. and cooled rapidly to 25°C. Viscosity was determined at intervals at 25°C. and rate of digestion determined by adding 1 cc. of trypsin to 25 ce. gelatin and following change in conductivity. Increase in formol titration after 1 hr. was also determined. equivalent to 5 points on the bridge. The table shows that the velocity of hydrolysis increases much more slowly than the substrate concentration and becomes practically independent of it in concentrations of more than 3 per cent. 1 The calculated figures were obtained by assuming that the trypsin and gelatin combined according to the reaction trypsin + gelatin ~ trypsin-gelatin and that the rate of hydrolysis was proportional to the concentration of the trypsin-gelatin compound.
Applying the law of mass action to this equilibrium we would have
in which E equals total amount of trypsin; C, combined trypsin (= combined gelatin); S, amount of gelatin; a, a proportionality factor to change the units of concentration to those of rate of hydrolysis /£, the equilibrium constant; V, the volume of solution; and K', a new constant equal to KV It will be seen that if C is considered negligibly small, compared to E, as well as to S, the equation reduces to Rate = kC --KES which is the ordinary form of the law of mass action.
Evaluation of the Constants.
Since it is assumed that the rate of hydrolysis is proportional to the amount of the gelatin-trypsin compound (C) present, C is the observed velocity. E, the total amount of trypsin, cannot be determined directly hut is taken as a value slightly larger than the maximum value obtained for C, when the substrate concentration is such that the hydrolysis proceeds at the maximum rate. According to the hypothesis, this maximum value is due to the fact that practically all the enzyme is combined, and since C (the rate of hydrolysis) is a measure of the amount combined, E must be very slightly larger. E is, therefore, an arbitrary constant. After a value for E has been determined for a given amount of trypsin solution, the value to be used with any other amount of trypsin will be propor-tional to the relative amount of trypsin taken, i.e., if E0 is the value used when 1 cc. of trypsin is taken then nEo will be the value for n cc. K J is determined by substituting the values of C, E, and S and solving for K'. It is, therefore, a second arbitrary constant. Table V shows that the calculated and observed values are concordant. It also shows that the relative rate of hydrolysis of any two gelatin concentrations with any one trypsin concentration is independent of the value of this trypsin concentration.
The results when the enzyme or substrate concentrations are varied, therefore, agree with those predicted by the assumption that the enzyme and gelatin combine to form a compound and that the rate of hydrolysis is proportional to the concentration of this compound.
The equation which was used to calculate these values, however, contains two arbitrary constants and is of a form to fit any curve which at first shows direct proportionality and then approaches a maximum value. It is not surprising, therefore, that the calculated and observed results agree. The test of an equation of this type is to see whether or not it will fit the results of an experiment other than the one from which the values of the constants was originally obtained. As will be seen below, this is not the case; the equation breaks dowI~ when the experiment is performed in the presence of inhibiting substances.
Influence of the Gelatin Concentration on the Retarding Effect of
Inhibiting Substances.
It was found 8 in studying the influence of the inhibiting substance on the rate of digestion that the experiments agreed with the assumption that the enzyme and inhibitor combined to form a compound that was inactive and that the rate of hydrolysis was proportional to the concentration of free enzyme. It was also found that there was direct evidence that the inhibitor affects the enzyme and not the substrate. The experiment summarized in Table V , however, if taken alone, shows that the influence of the substrate concentration agrees with the assumption that the rate of hydrolysis is proportional to the amount of enzyme combined with the substrate. It is evident that both assumptions cannot be correct.
The direct experimental evidence shows conclusively that the enzyme and the inhibiting substances are combined to form a highly dissociated compound, even though the agreement of the experiments with the results calculated from the law of mass action be considered to be accidental. If the substrate is also combined with the enzyme it should be possible, by increasing the substrate concentration sufficiently, to cause all the enzyme to combine with the substrate. In other words, the higher the substrate concentration the less should be the effect of the inhibiting substance. This may be seen from the following equation:
Increasing the concentration of gelatin will cause the equilibrium to be shifted in the direction of the large arrow; i.e.; it will cause the amount of trypsin combined with the inhibitor to become less. This will be true even though the equilibrium is not one which follows the law of mass action, as long as the equilibrium is reversible and the trypsin-inhibitor compound widely dissociated. It has already been found that the trypsin-inhibitor compound is readily dissociated irrespective of any assumption as to the nature of the compound. Table VI is a summary of experiments made with constant amounts of trypsin and inhibiting substance and increasing concentrations of gelatin. The figures are the averages of four to six determinations. The table shows that the retardation due to the inhibiting substance is independent of the gelatin concentration. In order to account for this result, if the velocity of hydrolysis depends on a trypsin-gelatin compound, it is necessary to assume that the trypsin-inhibitor compound is only very slightly dissociated, and that the inhibiting substance and trypsin are present in about the same concentration. The figures under Calculated I were obtained by means of the law of mass action based on these assumptions. They approximate the experimental values and agree with the experimental result that the percentage retardation is independent of the gelatin concentration.
If it be assumed, as was done by Michaelis and Menten, that the inhibiting substance is present in very much higher concentration than the enzyme, the figures given under Calculated II are obtained. They are evidently incompatible with the experiment. s (E-I) ing that the amount of inhibitor combined with the enzyme is negligible compared to total amount of inhibitor, and that inhibitor enzyme compound is widely dissociated. This equation is derived as follows: Let S = total substrate concentration, E total enzyme concentration, C enzyme combined with substrate, J enzyme combined with inhibitor, and I total inhibitor.
Then if the amount of substrate combined with the enzyme is negligibly small compared to the total amount of substrate and if the same is true of the inhibitor, the mass action expressions for the two equilibria are
ES--KC--SC J= S
Substituting this value of J in (2) and simplifying C
ES in which
IK -T +g+s
K --equilibrium constant of substrate-enzyme equilibrium, and k = equilibrium constant for inhibitor-enzyme compound. Since in this experiment I, K, and k ES are all constant they may be combined to a new constant K" and C = K" +----~"
Effect of Varying the Amount of Trypsin or Inhibiting Substance.
It has been shown above that in order to account for the fact that the percentage retardation is independent of the substrate concentration, it is necessary to assume that the inhibitor-trypsin compound is only slightly dissociated. This assumption, as has already been pointed out, is contradicted by the experiments in which the amount of trypsin or inhibitor is varied. This is shown in Tables VII and VIII. In these tables the results under Calculated I were obtained from the equation used to calculate the results in Table VI , and which is derived by means of the assumption that the inhibitor-trypsin compound is only slightly dissociated. The table shows that the formula will not serve even as a first approximation in spite of the fact that it contains three arbitrary constants. The figures given under Calculated n were obtained by aid of the assumption that the enzyme-inhibitor compound is widely dissociated and that the rate of hydrolysis is proportional to the free enzyme, n They agree well with the experimental values.
These experiments show that the results obtained when the gelatin, inhibitor, and trypsin concentrations are all varied cannot be accounted for on the assumption that the trypsin becomes saturated with substrate. They seem to be conclusive even though it is assumed that the equilibria are not governed by the law of mass action, since in order to explain one set of experiments (gelatin constant, trypsin or inhibitor varied) it is necessary to suppose that the trypsin-inhibitor compound is widely dissociated while in the other set of experiments (trypsin and inhibitor constant, gelatin varied) it isnecessary to suppose that tile same compound is very slightly dissociated. This is true irrespective of the quantitative law that is assumed to govern the equilibrium. There is much more direct experimental evidence in favor of the trypsin-inhibitor compound than of the trypsin-gelatin compound.
There is no doubt on the other hand that the rate of hydrolysis does not increase in proportion to the gelatin concentration as expressed in grams per liter. If it is assumed then that the reaction is , ~.e., enzyme-inhibitor compound very * Calculated from C -K+S slightly dissociated; velocity proportional to combined enzyme (C). E ffi 2.9, S = 2, K = 0.5, I = 4.0 units inhibitor per ec. of solution.
tCalculatedfromQ = ~(d+K-E)'2 +KE --d+K--g2
Assumptions: (1) governed by the law of mass action and that the velocity of hydrolysis is really proportional to the concentration of free trypsin and protein, it is necessary to suppose that the reaction is confined to some particular molecular species present in the protein solution or to introduce a "catalysis" coefficient to express the ratio of actual concentration to "active" concentration as has been done in the case of hydrogen ion by Schreiner. TM The work of Loeb, Michaelis, S/~ren-sen, Robertson, and others has shown that proteins in solution are ionized so that it would be natural to suppose that the speed of reaction is proportional to the concentration of protein ions instead of to the total concentration of protein. It has been found that in the case of pepsin hydrolysis this accounted for the difficulty both as regards differences in the concentration of protein and the effect of the hydrogen ion concentration of the solution. In the present case, however, the ionic concentration, as measured by the conductivity of the solution, increases more rapidly than the rate of hydrolysis but less rapidly than the concentration so that the anomaly is only partly corrected for.
It has been found by yon Euler and Svanberg TM in the case of invertase that the retardation due to inhibiting substances is independent of the substrate (sugar) concentration so that in the case of this enzyme also the evidence is contradictory to the assumption of a substrate-enzyme compound.
Hydrolysis of Mixtures of Casein and Gelatin.
The rate of hydrolysis of casein solutions increases less rapidly than the concentration of casein, just as in the case of gelatin. This is shown in Table IX . It is evident that increasing the concentration of casein above 4 per cent has little or no effect on the rate of digestion. According to the saturation hypothesis the trypsin must, therefore, be "saturated" with casein when the latter is at a concentration of 4 per cent or more. It is interesting to consider the digestion of a mixture of casein and gelatin from the points of view 12 Schreiner, E., Z. anorg. Chem., 1921, cxvi, 102. 18 yon Euler, H., and Svanberg, O, Fermentforschung, 1921, iv, 142. of the various possible assumptions. 14 The following possibilities present themselves and may be compared with the experiment shown in Fig. 4 and Table X. The values are the mean of 4 to 6 determinations. 
TABLE IX.
Effect of Increasing Casein
I. Rate of Hydrolysis Depends on the Concentration of the Enzyme
Substrate Compound.
(a) The same enzyme acts on both casein and gelatin. In this case the rate of hydrolysis of the mixture must be less than the rate of hydrolysis of the casein alone, since it has already been assumed, in order to account for the rate-concentration curve, that the enzyme is saturated by 4 per cent casein. The addition of gelatin to the system will therefore remove some enzyme from the casein to combine wlth the gelatin and since the gelatin hydrolyzes more slowly than the casein, the result will be a decrease in the rate of digestion. This is contradicted by the experiment.
(b) The casein and gelatin are hydrolyzed by different enzymes acting entirely independently.
The amount digested at any time in the mixture must then be equal to the sum of the amounts digested at the same time when the casein and gelatin are hydrolyzed separately. The same result would be predicted if the rate of hydrolysis depended on the concentration of free enzymes. This is also contradicted by the experiment.
(c) The casein and gelatin are acted on by two different enzymes, but the products formed by either enzyme inhibit the action of the other.
The rate of hydrolysis of the mixture, according to this mechanism, will equal the sum of the rates of hydrolysis of the two separate solutions but the amount of hydrolysis at any given time will be slightly less in the mixture than the sum of the two separate solutions. The same result would be predicted if the rate of hydrolysis were proportional to the concentration of free enzymes. This is the experimental result.
II. Rate of Hydrolysis is Proportional to the Concentration of Free
Enzyme.
(a) The same enzyme acts on both the casein and gelatin. This assumption predicts that the rate of hydrolysis of the mixture will be equal to the sum of the rates of the two solutions but the amount of hydrolysis of the mixture will be less than the sum of the two separate solutions. This is the experimental result.
We are, therefore, bound to conclude either, first, that the rate of hydrolysis is proportional to the concentration of free enzyme (i.e. that the amount combined is negligibly small), or second, that there are two enzymes at work, each of which is inhibited by the products of hydrolysis formed by the other. This latter assumption is gratuitous unless some independent evidence can be found for the existence of two such enzymes. Many experiments were made from this point of view but no evidence could be found for the existence of two enzymes. The ratio of the rate of hydrolysis, of gelatin and casein was always the same within the experimental error of about 1 per cent, no matter how the trypsin preparation was treated.
Rate of Hydrolysis as Measured Directly by the Disappearance oJ the
Substrate.
It has been shown above that the rate of formation of the products of hydrolysis of gelatin or casein by trypsin does not increase in proportion to the concentration of substrate but increases much more slowly and becomes independent of the substrate concentration when the latter is more than 2 or 3 per cent. It was also shown that this peculiarity could not be accounted for by assuming the existence of an inter'~ediate compound between the enzyme and substrate nor by the assumption that the hydrolysis was proportional to the ionized protein.
In these experiments as in most experiments with enzymes the hydrolysis was followed by determining the amount of the products formed and assuming that the amount of substrate remaining is the difference between the amount of products found at any time and the total amount that can be formed under the most favorable conditions. It is well known that trypsin digestion consists of a series of consecutive reactions since a number of products may be isolated from a digestion mixture which can still be acted on by the enzyme. It seemed possible therefore that the peculiar results discussed above were due to the fact that the increase in the products of reaction does not correctly represent the decrease in the substrate concentration. It is the change in concentration of the latter value that is predicted by the law of mass action. An experiment was therefore performed in which the digestion was followed by determining the increase in amino nitrogen and also the decrease in unchanged casein. The results are given in tables XI and XII. The tables show that the two methods give entirely different results. As measured by the increase in amino nitrogen the rate of hydrolysis is practically independent of the casein concentration, whereas when the change in the casein concentration is measured directly the rate of digestion is very nearly proportional to the concentration of casein as demanded by the law of mass action. The constant calculated from the monomolecular formula still shows a drop with increasing hydrolysis. This is more marked in the concentrated than in the dilute solution and is the result expected owing to the inhibiting action of the products of hydrolysis. When the rate of hydrolysis is de- 
Effect of Increasing Concentration of Casein on Rate of Digestion as Measured by the Decrease in Undigested Casein.
Casein dissolved in ~/20 phosphate, borate, citrate buffer pH 8.0. 100 ce. solution + 1 co. dialyzed trypsin placed at 34°C. and 10 co. samples removed as noted, titrated to pH 4.6, and added to 100 co. 0.1 N acetate buffer pH 4.6. Precipitate filtered, dried at 100°C., and weighed. termined at the same stage of the reaction by interpolation from the time curves, it is found that the rate of hydrolysis increases in direct proportion to the casein concentration. This is shown by the last llne of Table XII . The same result is shown by comparing the monomolecular constants at corresponding values of x. This experiment shows that when the substrate concentration is measured directly the reaction proceeds according to the law of mass action both as regards the concentration of enzyme and of substrate and that the only divergence from the simple monomolecular formula is due to the fact that the enzyme concentration also changes during the course of the reaction, owing to the effect of the products of the reaction, an effect which can easily be demonstrated directly. The experiment described was repeated several times with the same result. It was also found that if the rate of hydrolysis of gelatin was followed by means of the change in viscosity (which is roughly proportional to the gelatin concentration), the same result was obtained. This indicates that in the case of gelatin as well, the apparent discrepancy from the law of mass action is due to the fact that the reaction is really a series of consecutive reactions and that the change in concentration of the original substance cannot be determined from the increase in the total products of reaction. It will be seen that this mechanism will account also for the fact that the increase in the products of reaction as plotted against the time is occasionally a straight line. Assume, for instance, that the reaction may be written A---,B--~C and that C is what is determined experimentally. The rate of formation of C will evidently be proportional to the concentration of B at any instant, and this in turn will depend on the relation between its rate of formation and of decomposition. It is possible therefore for the rate of formation of C to remain constant, increase or decrease with time, and there is not necessarily any simple relation between the concentration of A and the rate of formation of C.
SUMMARY.
1. The velocity of hydrolysis of gelatin by trypsin increases more slowly than the gelatin concentration and finally becomes nearly independent of the gelatin concentration. The relative velocity of hydrolysis of any two substrate concentrations is independent of the quantity of enzyme used to make the comparison.
2. The rate of hydrolysis is independent of the viscosity of the solution.
3. The percentage retardation of the rate of hydrolysis by inhibiting substances, is independent of the substrate concentration.
4. There is experimental evidence that the enzyme and inhibiting substance are combined to form a widely dissociated compound.
5. If the substrate were also combined with the enzyme, an increase in the substrate concentration should affect the equilibrium between the enzyme and the inhibiting substance. This is not the case.
6. The rate of digestion of a mixture of casein and gelatin is equal to the sum of the rates of hydrolysis of the two substances alone, as it should be if the rate is proportional to the concentration of free enzyme. This contradicts the saturation hypothesis.
7. If the reaction is followed by determining directly the change in the substrate concentration, it is found that this change agrees with the law of mass action; i.e., the rate of digestion is proportional to the substrate concentration.
Most of the experimental work in this paper was done by Mr. Frank Johnston.
